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IMPLICT RESOURCE ALLOCATION USING 
SHIFTED SYNCHRONIZATION SEQUENCE 

BACKGROUND 

0001 1. Field 
0002 Certain embodiments of the invention relate gener 
ally to communication systems, and more particularly, to 
cellular communication systems that utilize radio access 
technologies (RATs), such as Global System for Mobile 
Communications (GSM), Universal Mobile Telecommunica 
tions System (UMTS), and Third Generation Partnership 
Project (3GPP) Long-Term Evolution (LTE). 
0003 2. Description of the Related Art 
0004 Cellular communication systems utilize radio fre 
quencies for the transmission and reception of its signals. A 
band is a plurality of radio frequencies, in which channels are 
generally used for the transmission and reception of signals. 
A channel can include a single radio frequency or a plurality 
of radio frequencies. 
0005. In a shared band operation, a specific band can be 
divided between different users or operators of the cellular 
communication system. Shared band operation can include 
licensed shared band operation or unlicensed shared band 
operation. In licensed shared band operation, one or more 
operators can purchase a specific portion of an available radio 
spectrum for transmission and reception of cellular signals. A 
radio spectrum is a portion of an electromagnetic spectrum 
corresponding to radio frequencies. A purchased portion of 
the radio spectrum is also referred to as a licensed band. The 
licensed band is shared between the one or more operators. 
The sharing of the licensed band can enable operators to 
deploy local access points on the licensed shared band. An 
example of a local access point is a femtocell, which is a small 
cellular base station. The sharing of the licensed band can also 
enable operators to allow device-to-device communication 
between two or more communication devices on the licensed 
shared band. The sharing of the licensed band can also be 
controlled by a central operator, or a plurality of operators can 
agree that the licensed band is to be shared and that access is 
to be contended by the plurality of operators. 
0006. In unlicensed shared band operation, the band is not 
owned by any operator and is referred to as an unlicensed 
band. The unlicensed band can be utilized by any system, and 
thus, is referred to as an unlicensed shared band. Some unli 
censed shared bands, while not owned by any operator, are 
regulated, and the communication devices on those unli 
censed shared bands must still follow regulations. Example 
radio technologies operating on unlicensed shared bands 
include wireless local area networks (WLAN), Bluetooth 
(BT) networks, and Zigbee networks. Due to the fact that an 
unlicensed shared band is available and for use by any com 
munication device, the interference environment can be 
unpredictable. This can mean that predetermined quality of 
service (QoS) cannot be guaranteed. 
0007 Communication on an unlicensed shared band is 
generally based on sharing an available channel between 
different communication devices. The different communica 
tion devices may utilize a common RAT, but in certain sce 
narios, the different communication devices may utilize dif 
ferent RATs. In an unlicensed shared band, channel access 
can be distributed, where communication devices can detect a 
channel, and utilize a channel reservation scheme known to 
other communication devices in order to reserve a right to 
access the channel. In distributed channel access, a transmit 
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ting communication device and a receiving communication 
device are generally not synchronized to a global reference. 
Thus, in the beginning of each transmitted packet, a common 
sequence can be transmitted by the transmitting communica 
tion device in order to allow the receiving communication 
device to synchronize itself with, and lock on to, the trans 
mission. 

0008 Transmissions on an unlicensed shared band, that do 
not utilize a common timing reference shared by the trans 
mitting communication device and the receiving communi 
cation device, are generally short in duration in order to allow 
multiple communication devices to share the channel. Gen 
erally, in this scenario, a transmitting communication device 
only transmits a few packets at a time before the transmitting 
communication device defers its access to another transmit 
ting communication device that also occupies the channel. 
After a random duration (which can depend on the number of 
communication devices sharing the channel), the transmit 
ting communication device transmits again. Therefore, spe 
cific measures are required in order to initially synchronize 
the transmitting communication device and receiving com 
munication device in the beginning of each data transmission 
by Synchronizing the receiving communication device with 
the data transmission (i.e., informing the receiving commu 
nication device when the first packet of the data transmission 
begins). In addition to synchronization, the transmitting com 
munication device can indicate frequency resources that can 
be utilized for transmission. In general, a transmitting com 
munication device may only utilize a portion of the frequency 
resources, and can indicate to the receiving communication 
device which portion of the frequency resources the transmit 
ting communication device will utilize for transmission. 

SUMMARY 

0009. According to an embodiment of the invention, a 
method includes transmitting a first synchronization signal 
including a first cyclic shift over a shared band, where the first 
synchronization signal synchronizes a communication device 
with a transmission over the shared band. The method further 
includes mapping a second cyclic shift to one or more 
resources of one or more channels of the shared band. The 
method further includes transmitting a second synchroniza 
tion signal including the second cyclic shift over the shared 
band, where the second synchronization signal indicates the 
one or more resources of the one or more channels of the 
shared band. 

0010. According to another embodiment, an apparatus 
includes a processor and a memory including computer pro 
gram code. The memory and the computer program code are 
configured to, with the processor, cause the apparatus to 
transmit a first synchronization signal including a first cyclic 
shift over a shared band, where the first synchronization sig 
nal synchronizes a communication device with a transmis 
sion over the shared band. The memory and the computer 
program code are further configured to, with the processor, 
cause the apparatus to map a second cyclic shift to one or 
more resources of one or more channels of the shared band. 
The memory and the computer program code are configured 
to, with the processor, cause the apparatus to transmit a sec 
ond synchronization signal including the second cyclic shift 
over the shared band, wherein the second synchronization 
signal indicates the one or more resources of the one or more 
channels of the shared band. 
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0011. According to another embodiment, a computer pro 
gram product includes a computer-readable medium bearing 
computer program code embodied therein for use with a 
computer. The computer program code includes code for 
transmitting a first synchronization signal including a first 
cyclic shift over a shared band, where the first synchroniza 
tion signal synchronizes a communication device with a 
transmission over the shared band. The computer program 
code further includes code for mapping a second cyclic shift 
to one or more resources of one or more channels of the 
shared band. The computer program code further includes 
code for transmitting a second synchronization signal includ 
ing the second cyclic shift over the shared band, where the 
second synchronization signal indicates the one or more 
resources of the one or more channels of the shared band. 
0012. According to another embodiment, a method 
includes mapping a first cyclic shift to one or more resources 
of one or more channels of a shared band. The method further 
includes transmitting a first synchronization signal including 
the first cyclic shift over the shared band, where the first 
synchronization signal synchronizes a communication device 
with a transmission over the shared band and indicates the one 
or more resources of the one or more channels of the shared 
band. 
0013. According to another embodiment, an apparatus 
includes a processor and a memory including computer pro 
gram code. The memory and the computer program code are 
configured to, with the processor, cause the apparatus to map 
a first cyclic shift to one or more resources of one or more 
channels of a shared band. The memory and the computer 
program code are further configured to, with the processor 
cause the apparatus to transmit a first synchronization signal 
including the first cyclic shift over the shared band, where the 
first synchronization signal synchronizes a communication 
device with a transmission over the shared band and indicates 
the one or more resources of the one or more channels of the 
shared band. 
0014. According to another embodiment, a method 
includes receiving a first synchronization signal that includes 
a first cyclic shift over a shared band. The method further 
includes synchronizing a communication device with a trans 
mission over the shared band utilizing the first synchroniza 
tion signal. The method further includes receiving a second 
synchronization signal that includes a second cyclic shift over 
the shared band. The method further includes determining 
one or more resources of one or more channels of the shared 
band utilizing the second synchronization signal. 
0015. According to another embodiment, an apparatus 
includes a processor and a memory including computer pro 
gram code. the memory and the computer program code are 
configured to, with the processor, cause the apparatus to 
receive a first synchronization signal that includes a first 
cyclic shift over a shared band. The memory and the computer 
program code are further configured to, with the processor 
cause the apparatus to synchronize the apparatus with a trans 
mission over the shared band utilizing the first synchroniza 
tion signal. The memory and the computer program code are 
further configured to, with the processor cause the apparatus 
to receive a second synchronization signal that includes a 
second cyclic shift over the shared band. The memory and the 
computer program code are further configured to, with the 
processor cause the apparatus to determine one or more 
resources of one or more channels of the shared band utilizing 
the second synchronization signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Further embodiments, details, advantages, and 
modifications of the present invention will become apparent 
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from the following detailed description of the preferred 
embodiments, which is to be taken in conjunction with the 
accompanying drawings, wherein: 
0017 FIG. 1 illustrates a communication system utilizing 
shared bands according to an embodiment of the invention. 
0018 FIG. 2 illustrates a deployment bandwidth of a 
shared band and a mapping of cyclic shifts to one or more 
resources of one or more channels according to an embodi 
ment of the invention. 
0019 FIG. 3 illustrates a resource allocation tree utilized 
to map cyclic shifts to one or more resources of one or more 
channels according to an embodiment of the invention. 
0020 FIG. 4 illustrates a method according to an embodi 
ment of the invention. 
0021 FIG. 5 illustrates a method according to another 
embodiment of the invention. 
0022 FIG. 6 illustrates a method according to another 
embodiment of the invention. 
0023 FIG. 7 illustrates an apparatus according to an 
embodiment of the invention. 

DETAILED DESCRIPTION 

0024. It will be readily understood that the components of 
the present invention, as generally described and illustrated in 
the figures herein, may be arranged and designed in a wide 
variety of different configurations. Thus, the following 
detailed description of the embodiments of a method, appa 
ratus, system, and computer readable medium, as represented 
in the attached figures, is not intended to limit the scope of the 
invention as claimed, but is merely representative of selected 
embodiments of the invention. 
0025. The features, structures, or characteristics of the 
invention described throughout this specification may be 
combined in any suitable manner in one or more embodi 
ments. For example, the usage of the phrases “an embodi 
ment,” “one embodiment,” “an alternative embodiment.” 
"certain embodiments,” “some embodiments.” “different 
embodiments' or other similar language, throughout this 
specification refers to the fact that a particular feature, struc 
ture, or characteristic described in connection with the 
embodiment may be included in at least one embodiment of 
the present invention. Thus, appearances of the phrases “an 
embodiment,” “one embodiment,” “an alternative embodi 

99 & 99 & ment,” “in certain embodiments,” “in some embodiments.” 
“in other embodiments.” “in different embodiments, or other 
similar language, throughout this specification do not neces 
sarily all refer to the same group of embodiments, and the 
described features, structures, or characteristics may be com 
bined in any Suitable manner in one or more embodiments. 
(0026. While the term “packet” has been used in the 
description of the present invention, the invention may be 
applied to many types of data that can be communicated. Such 
as frame, signal, datagram, message, etc. For purposes of this 
invention, the term "packet also includes frame, signal, data 
gram, message, and any equivalents thereof. 
0027. As licensed shared band operation has been increas 
ingly utilized, portions of the radio spectrum that remain 
available have become limited. Thus, operators, service pro 
viders, communication device manufacturers, and communi 
cation system manufacturers, are all seeking efficient solu 
tions to utilize unlicensed shared band operation. As 
previously described, unlicensed shared band operation gen 
erally involves sharing one or more channels in a communi 
cation system between one or more communication devices, 
where the communication devices can utilize different RATs. 
Thus, what is needed is a communication system that can 
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provide effective asynchronous/contention-based access over 
a shared band with dynamic and Scalable spectrum allocation. 
0028 FIG. 1 illustrates a communication system 100 uti 
lizing shared bands according to an embodiment of the inven 
tion. System 100 includes various communication devices, 
including wide area evolved Node Bs (eNBs) 110 and 111, 
local access point (AP) 120, and user equipments (UEs) 121, 
122, 123, and 124. Wide area eNBs 110 and 111 are examples 
of base transceiver stations that are configured to facilitate 
communication between UEs and a communication system, 
such as communication system 100. Wide area eNBs 110 and 
111 each include a transmitter configured to transmit packets 
to UES, and a receiver configured to receive packets from 
UES. The transmitter and receiver can be separate compo 
nents of each wide area eNB, or can be part of a transceiver 
located within each wide area eNB. Local AP 120 is an 
example of an access point that is also configured to facilitate 
communication between UEs and a communication system, 
such as communication system 100. Local AP 120 also 
includes a transmitter configured to transmit packets to UES, 
and a receiver configured to receive packets from UEs. Simi 
larly, the transmitter and receiver can be separate components 
of local AP 120, or can be part of a transceiver located within 
local AP 120. UEs 121, 122, 123, and 124 are examples of 
communication devices used by users of a communication 
system, Such as system 100, to communicate with other users. 
A UE can be a handheld device, such as a cellular phone, a 
Smartphone, or a personal digital assistant (PDA), a laptop 
computer equipped with a mobile adapter, or any other type of 
device. 

0029. One of ordinary skill in the art would readily under 
stand that the system 100 is capable of having any number of 
communication devices within the system. Accordingly, one 
of ordinary skill in the art would readily understand that 
system 100 as illustrated in FIG. 1 is an example embodiment 
of a communication system according to the present inven 
tion, and does not limit the scope of the present invention to a 
particular configuration or a particular number of communi 
cation devices. 

0030 FIG.1 also includes arrows which illustrate, accord 
ing to the embodiment, that the communication devices of 
system 100 are configured to communicate with each other. 
As one of ordinary skill in the art would readily appreciate, 
communicating involves transmitting and receiving one or 
more packets over one or more shared bands. According to the 
embodiment, wide area eNB 110 is configured to communi 
cate with local AP 120 and visa-versa. Similarly, wide area 
eNB is configured to communicate with UE 121 and visa 
versa. Likewise, local AP 120 is configured to communicate 
with UE 121 and visa-versa. In a similar fashion, wide area 
eNB 111 is configured to communicate with UE 122 and 
visa-versa. In addition, UEs 122, 123, and 124 are each con 
figured to communicate with each other. Furthermore, wide 
area eNB 110 is configured to provide main control signaling 
to UE 121, and wide area eNB 111 is configured to provide 
main control signaling to UES 122, 123, and 124. System 100 
is also capable of communicating with the Internet, which is 
external to system 100. More specifically, wide area eNBs 
110 and 111, and local AP 120, are each configured to com 
municate with the Internet using a backhaul connection, or a 
core network (CN) connection. 
0031. According to the embodiment, system 100 is con 
figured to provide both a wide area connection and a local 
area connection to UEs 121, 122, 123, and 124. A wide area 
connection is a connection that allows communication 
between communication devices over a broad geographical 
area. For example, a wide area connection can allow commu 
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nication between communication devices over distances that 
span hundreds or thousands of miles. In contrast, a local area 
connection is a connection that allows communication 
between communication devices over a limited geographical 
area. For example, a local area connection can allow commu 
nication between communication devices located within a 
home, a School, a university campus, a computer laboratory, 
oran office building. In the illustrated embodiment of FIG. 1, 
wide area eNB 110 is configured to provide a wide area 
connection to UE 121, local AP 120 is configured to provide 
a local area connection to UE 121, wide area eNB 111 is 
configured to provide a wide area connection to UEs 122, 
123, and 124, and UEs 122, 123, and 124 are each configured 
to provide a local area connection to each other. However, one 
of ordinary skill in the art would readily appreciate that this is 
merely an example configuration of system 100, and that 
system 100 can have other configurations and still be within 
the scope of the invention. 
0032. As previously described, communication devices of 
system 100 are configured to communicate with each other. 
As also previously described, communication involves the 
transmitting and receiving of packets over one or more chan 
nels, from a first communication device to a second commu 
nication device, and visa-Versa. According to an embodiment, 
the transmitting involves duplex methods. A duplex method is 
a communication method that allows communication in both 
directions (i.e., from a first communication device to a second 
communication device and visa-Versa). 
0033. Two types of duplex methods are time-division 
duplexing (TDD) and frequency-division duplexing (FDD). 
TDD involves a transmission of packets in a first direction, 
Such as an uplink transmission, and a transmission of packets 
in a second direction, such as a downlink transmission, over a 
channel. It appears that the uplink and downlink transmis 
sions are occurring simultaneously as Sub-channels of the 
channel, but the uplink and downlink transmissions are actu 
ally taking turns on the channel. FDD also involves two 
transmissions of packets, with each transmission being in a 
different direction, Such as an uplink transmission and a 
downlink transmission, over a channel. However, in FDD, the 
uplink and downlink transmissions occur at the same time at 
different carrier frequencies of the channel. 
0034. According to the embodiment, system 100 is 
capable of facilitating both TDD and FDD simultaneously, 
and communication devices of system 100 can be configured 
to utilize both TDD and FDD. In the embodiment, the com 
munication devices configured to utilize a wide area connec 
tion (i.e., wide area eNBs 110 and 111) can be configured to 
utilize FDD, and the communication devices configured to 
utilize a local area connection (i.e., local AP 120 and UEs 122, 
123, and 124) can be configured to utilize TDD. However, this 
is merely an example configuration, and one of ordinary skill 
in the art would readily appreciate that both TDD and FDD 
can be utilized on either a wide area connection or a local area 
connection. 

0035. According to the embodiment, system 100 can uti 
lize one or more shared bands to facilitate communication 
between the communication devices, where the one or more 
shared bands are divided between the communication devices 
of system 100. The one or more shared bands can include 
licensed shared bands, unlicensed shared bands, or a combi 
nation of the two. In the illustrated embodiment of FIG.1, the 
communication devices configured to utilize a wide area con 
nection (i.e., wide area eNBs 110 and 111) can be configured 
to utilize one or more licensed shared bands, and the commu 
nication devices configured to utilize a local area connection 
(i.e., local AP 120 and UEs 122, 123, and 124) can be con 
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figured to utilize one or more unlicensed shared bands. How 
ever, this is merely an example configuration, and one of 
ordinary skill in the art would readily appreciate that both 
licensed shared bands and unlicensed shared bands can be 
utilized on either a wide area connection or a local area 
connection. 
0036. As previously described, in unlicensed share band 
operation, when multiple communication devices share a 
channel, a transmitting communication device generally only 
transmits a few packets over the channel before the transmit 
ting communication device defers to another transmitting 
communication device. After a certain duration in which the 
other transmitting communication devices have transmitted 
over the channel, the first transmitting communication device 
is able to continue transmitting packets over the channel. As 
also previously discussed, before each transmission, the 
transmitting communication device is required to initially 
synchronize the receiving communication device with the 
transmission. 
0037 According to an embodiment of the invention, a 
transmitting communication device can be configured to 
transmit one or more primary synchronization signals (PSSs). 
A PSS is a specially designed signal that can be transmitted by 
a transmitting communication device to enable synchroniza 
tion of a receiving communication device. A reception of a 
PSS by a receiving communication device enables time and 
frequency synchronization by determining a slot timing and 
slot boundaries, so that the receiving communication device 
knows at which time interval and frequency the transmitting 
communication device will transmit a packet. The reception 
of the PSS also provides the receiving communication device 
with a physical layer cell identity, and a cyclic prefix length. 
A physical layer cell identity is the identity of the cell that the 
transmitting communication device is transmitting in. A 
cyclic prefix is a prefixing of a symbol with a repetition of the 
symbol’s end. The reception of the PSS also informs the 
receiving communication device whether the transmitting 
communication devices uses FDD or TDD. 

0038. While in certain embodiments, synchronization can 
performed using one or more PSSs, in alternative embodi 
ments, synchronization can performed by using a combina 
tion of PSSs and secondary synchronization signals (SSSs), 
where a SSS is another type of specially designed signal that 
enables synchronization of a receiving communication 
device. 

0039. In accordance with an embodiment of the invention, 
an eNB can be configured to transmit the PSSs to UEs, and in 
device to device connection, a UE can also be configured to 
transmit the PSSs to other UEs. UEs that receive a transmitted 
PSS can be configured to detect the PSS, where the detection 
of the PSS can enable time and frequency synchronization, 
provides the UE with a physical layer cell identity, and a 
cyclic prefix length, and inform the UE whether the eNB (or 
transmitting UE) uses FDD or TDD. The synchronization 
provided by the PSS can be useful in scenarios where there is 
no common clock reference available for a transmitting com 
munication device and a receiving communication device. 
0040. As previously described, a transmitting communi 
cation device may only utilize a portion of the frequency 
resources of one or more channels, and can indicate to the 
receiving communication device which portion of the fre 
quency resources the transmitting communication device will 
utilize for transmission. Thus, according to an embodiment of 
the invention, a transmitting communication device can use 
one or more transmitted PSSs to map one or more resources of 
one or more channels that are utilized for transmission in 
addition to using the one or more transmitted PSSs to syn 
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chronize a receiving communication device with the trans 
mission. According to the embodiment, the transmitting com 
munication device can utilize cyclic shifts of the PSSs by 
mapping a cyclic shift of a PSS to one or more resources of 
one or more channels. According to an embodiment, a PSS 
includes a cyclic shift which has good auto-correlation and 
cross-correlation properties, and thus, different cyclic shifts 
can be detected by a receiving communication device. Thus, 
according to the embodiment, a new technique of utilizing a 
PSS is provided. 
0041 An available bandwidth on a shared band can be 
divided into one or more channels, where each channel can 
include one or more resources. According to an embodiment 
of the invention, a transmitting communication device can 
observe the available bandwidth on the shared band, observe 
the availability of one or more channels in the shared band, 
and determine one or more resources of the one or more 
channels available for transmission. In one embodiment, the 
transmitting communication device can transmit two or more 
PSSs in sequence, where a first PSS is transmitted that 
includes a first cyclic shift (also identified as a base cyclic 
shift), and the second PSS signal is transmitted that includes 
a second cyclic shift (also identified as a variable cyclic shift). 
According to the embodiment, the variable cyclic shift can be 
mapped to the one or more available resources of the one or 
more channels. Thus, in accordance with the embodiment, the 
two or more PSSs can provide synchronization and resource 
allocation. In an alternate embodiment, a single PSS is trans 
mitted that includes the variable cyclic shift, where the vari 
able cyclic shift can be mapped to the one or more available 
resources of the one or more channels. Thus, in accordance 
with the embodiment, the single PSS can provide synchroni 
Zation and resource allocation. In an embodiment of the 
invention, a resource allocation tree can be used for mapping 
a cyclic shift to one or more resources of one or more chan 
nels. 

0042 FIG. 2 illustrates a deployment bandwidth 200 of a 
shared band and a mapping of cyclic shifts to one or more 
resources of one or more channels according to an embodi 
ment of the invention. Deployment bandwidth 200 represents 
an available bandwidth of a shared band utilized by a trans 
mitting communication device, in accordance with an 
embodiment of the invention. The deployment bandwidth can 
be known by, or agreed by, communication devices via a 
control information exchange. 
0043. According to the embodiment, deployment band 
width is divided into one or more channels, also identified as 
virtual channels. In the illustrated embodiment of FIG. 2, 
deployment bandwidth 200 includes channels 1,2,3,4,5, and 
6. However, FIG. 2 merely represents an example embodi 
ment, and one of ordinary skill in the art would readily appre 
ciate that deployment bandwidth 200 can include any number 
of channels, and still be within the scope of the invention. 
Each channel can include one or more resource blocks. A 
resource block is used to describe a mapping of one or more 
channels to one or more resources. Each resource block can 
include any number of subcarriers (i.e., Msubcarriers), where 
a Subcarrier is a separate signal carried on a main radio trans 
mission. A resource block is defined as any number of con 
secutive orthogonal frequency-division multiplexing 
(OFDM) symbols (i.e., N consecutive OFDM symbols) in a 
time domain, and any number of consecutive Subcarriers (i.e., 
M consecutive Subcarriers) in a frequency domain. Thus, a 
resource block includes NxM resource elements, correspond 
ing to one slot in the time domain, and 180 kHZ in the 
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frequency domain. Furthermore, according to an embodi 
ment, each channel can have a different number of resources 
available. 
0044 According to the embodiment, deployment band 
width 200 can include a control channel (not shown), identi 
fied as a shared band control channel (SHBCC). The control 
channel is mapped around a center frequency. A center fre 
quency includes a plurality of Subcarriers. According to the 
embodiment, the plurality of subcarriers of the center fre 
quency can be used by a transmitting communication device 
to transmit one or more PSSS, to a receiving communication 
device, as illustrated in FIG. 2. The one or more PSSs are 
transmitted with a cyclic shift, in accordance with the 
embodiment. In FIG. 2, the cyclic shift is represented as 
“Sc_n. In accordance with the embodiment, the one or more 
PSSs can be utilized to synchronize the receiving communi 
cation device with a transmission, and to indicate one or more 
resources of one or more channels to be utilized in the trans 
mission. 

0045. For example in the illustrated embodiment, a trans 
mitting communication device first transmits PSS201. A first 
receiving communication device receives PSS 201 and uti 
lizes PSS 201 to synchronize itself with a first transmission. 
The transmitting communication device Subsequently trans 
mits PSS 202, which includes a cyclic shift. The first receiv 
ing communication device receives PSS 202 and determines 
that one or more resources of channel 5 will be utilized in the 
first transmission based on the cyclic shift of PSS 202. Like 
wise, the transmitting communication device Subsequently 
transmits PSS 203. A second receiving communication 
device receives PSS 203 and utilizes PSS203 to synchronize 
itself with a second transmission. The transmitting commu 
nication device subsequently transmits PSS 204, which 
includes a cyclic shift. The second receiving communication 
device receives PSS 204 and determines that one or more 
resources of channels 1 and 2 will be utilized in the second 
transmission based on the cyclic shift of PSS 204. 
0046. The sequence of PSSs transmitted by the transmit 
ting communication device differs depending on the embodi 
ment of the invention. In a first embodiment, the transmitting 
communication device transmits two PSSs. The first PSS is 
transmitted, where the first PSS includes a first cyclic shift 
(i.e., a base cyclic shift). The second PSS is transmitted, 
where the second PSS includes a second cyclic shift (i.e., a 
variable cyclic shift). The variable cyclic shift can be mapped 
to the one or more available resources of the one or more 
channels. A receiving communication device can receive the 
first PSS that includes the base cyclic shift and the second PSS 
that includes the variable cyclic shift to synchronize itself 
with a transmission and determine the one or more resources 
used for the transmission. Thus, the first PSS and second PSS 
can be used by the receiving communication device for Syn 
chronization and resource allocation. 

0047. In a second embodiment, the transmitting commu 
nication device transmits three PSSs, a first PSS, a second 
PSS, and an intermediate PSS. Similar to the first embodi 
ment, the first PSS is transmitted, where the first PSS includes 
a first cyclic shift (i.e., a base cyclic shift). Also similar to the 
first embodiment, a receiving device can receive the first PSS 
that includes the base cyclic shift and synchronize itself with 
a transmission. The intermediate PSS is subsequently trans 
mitted. The receiving communication device can receive the 
intermediate PSS, and thus, beinformed of the transmission. 
The second PSS is subsequently transmitted, where the sec 
ond PSS includes a second cyclic shift (i.e., a variable cyclic 
shift), similar to the first embodiment. The variable cyclic 
shift can be mapped to the one or more available resources of 
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the one or more channels. The receiving communication 
device can receive the second PSS that includes the variable 
cyclic shift to determine the one or more resources used for 
the transmission. Thus, the first PSS, the intermediate PSS, 
and the second PSS can be used by the receiving communi 
cation device for synchronization and resource allocation. 
0048. In a third embodiment, the transmitting communi 
cation device transmits a single PSS. The single PSS is trans 
mitted, where the single PSS includes a variable cyclic shift. 
The variable cyclic shift can be mapped to the one or more 
available resources of the one or more channels. In this 
embodiment, the receiving communication device is already 
aware of the base cyclic shift, and monitors each PSS that is 
transmitted until the receiving communication device 
receives the single PSS that includes the variable cyclic shift. 
According to the embodiment, the receiving communication 
device can receive the single PSS to synchronize itself with a 
transmission and determine the one or more resources used 
for the transmission. Thus, the single PSS can be used by the 
receiving communication device for synchronization and 
resource allocation. 
0049 FIG. 3 illustrates a resource allocation tree 300 uti 
lized to map cyclic shifts to one or more resources of one or 
more channels according to an embodiment of the invention. 
According to the embodiment, resource allocation tree 300 
includes one or more resources that correspond to one or more 
channels. In the illustrated embodiment of FIG. 3, resource 
allocation tree 300 includes one or more resources that cor 
respond to six channels, channels 1,2,3,4,5, and 6. However, 
FIG.3 merely represents an example embodiment, and one of 
ordinary skill in the art would readily appreciate that resource 
allocation tree 300 can include one or more channels associ 
ated with any number of channels, and still be within the 
Scope of the invention. 
0050. According to the embodiment, resource allocation 
tree 300 also includes one or more branches. In the illustrated 
embodiment of FIG. 3, resource allocation tree 300 includes 
six branches, branches 301, 302, 303, 304, 305, and 306. 
However, FIG.3 merely represents an example embodiment, 
and one of ordinary skill in the art would readily appreciate 
that resource allocation tree 300 can include any number of 
branches, and still be within the scope of the invention. 
0051. According to the embodiment, each branch of 
resource allocation tree 300 includes one or more clusters, 
where each cluster includes one or more resource blocks, 
where each resource block includes one or more resources, 
and where each cluster is represented by a circle in FIG. 3. 
Also according to the embodiment, each cluster has a cyclic 
shift mapped to the cluster. In the illustrated embodiment of 
FIG. 3, a cluster in branch 301 has cyclic shift Sc 0 mapped 
to it, and two clusters in branch 302 have cyclic shifts Sc 1 
and Sc 2 mapped to them, respectively. Further, three clus 
ters in branch 303 have cyclic shifts Sc 3, Sc. 4, and Sc 5 
mapped to them, respectively, and four clusters in branch304 
have cyclic shifts Sc 6, Sc 7, Sc 8, and Sc. 9 mapped to 
them, respectively. Likewise, five clusters in branch305 have 
cyclic shifts Sc 10, Sc. 11, Sc. 12, Sc. 13, and Sc. 14 mapped 
to them respectively, and six clusters in branch 306 have 
cyclic shifts Sc 15, Sc 16, Sc. 17, Sc. 18, Sc 19, and Sc 20 
mapped to them, respectively. However, FIG. 3 merely rep 
resents an example embodiment, and one of ordinary skill in 
the art would readily appreciate that any cyclic shift can be 
mapped to any cluster of one or more resource blocks, and 
still be within the scope of the invention. 
0.052 Each cluster can include a different number of 
resource blocks, and thus, each cluster can have a different 
size, in accordance with the embodiment. In the illustrated 
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embodiment of FIG. 3, cluster Sc 0 is of a size that only one 
cluster fits within branch301, clusters Sc 1 and Sc 2 are each 
of a size that two clusters fit within branch302, clusters Sc 3, 
Sc 4, and Sc 5 are each of a size that three clusters fit within 
branch 303, clusters Sc_6, Sc 7, Sc 8, and Sc. 9 are each of 
a size that four clusters fit within branch 304, clusters Sc 10, 
Sc 11, Sc 12, Sc 13, and Sc 14 are each of a size that five 
clusters fit within branch 305, and clusters Sc 15, Sc 16, 
Sc 17, Sc 18, Sc 19, and Sc 20 are each of a size that six 
clusters fit within branch 306. However, FIG. 3 merely rep 
resents an example embodiment, and one of ordinary skill in 
the art would readily appreciate that any cluster of resource 
blocks can have any size, and include any number of resource 
blocks, and still be within the scope of the invention. 
0053 Thus, according to the illustrated embodiment in 
FIG. 3, each cyclic shift is mapped to one or more resources 
of one or more channels. Thus, when a transmitting commu 
nication device transmits a PSS that includes a cyclic shift, the 
cyclic shift is mapped to one or more resources of one or more 
channels by resource allocation tree 300. Therefore, when a 
receiving communication device receives the PSS, and 
detects the cyclic shift, the receiving communication device 
can determine the one or more resources of one or more 
channels that will be utilized in a transmission based on the 
cyclic shift. 
0054 FIG. 4 illustrates a flow diagram of a method 
according to an embodiment of the invention. At step 400, a 
first synchronization signal including a first cyclic shift is 
transmitted over a shared band. According to the embodi 
ment, the first synchronization signal synchronizes a commu 
nication device with a transmission over the shared band. At 
step 410, a second cyclic shift is mapped to one or more 
resources of one or more channels of the shared band. At step 
420, a second synchronization signal including the second 
cyclic shift is transmitted over the shared band. According to 
the embodiment, the second synchronization signal indicates 
the one or more resources of the one or more channels of the 
shared band. 

0055. In one embodiment, the second cyclic shift is 
mapped to a cluster of a resource allocation tree. According to 
the embodiment, the resource allocation tree includes one or 
more clusters, each cluster includes one or more resource 
blocks, and each resource block includes one or more 
resources. In one embodiment, each cluster of the resource 
allocation tree includes a different number of resource blocks. 
However, in an alternative embodiment, each cluster of the 
resource allocation includes the same number of resource 
blocks. 
0056. In another embodiment, the first and second syn 
chronization signals are transmitted over a center frequency. 
According to the embodiment, the center frequency includes 
a plurality of Subcarriers. Also according to the embodiment, 
the center frequency includes a shared band control channel. 
0057. In another embodiment, the transmitting performed 
at step 400, the mapping performed at step 410, and the 
transmitting performed at Step 420, are each performed by an 
evolved node B. In an alternative embodiment, the transmit 
ting performed at Step 400, the mapping performed at Step 
410, and the transmitting performed at step 420, are each 
performed by a user equipment. 
0058 FIG. 5 illustrates a flow diagram of a method 
according to another embodiment of the invention. At step 
500, a first synchronization signal including a first cyclic shift 
is transmitted over a shared band. According to the embodi 
ment, the first synchronization signal synchronizes a commu 
nication device with a transmission over the shared band. At 
step 510, an intermediate synchronization signal is transmit 
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ted over the shared band. According to the embodiment, the 
intermediate synchronization signal informs the communica 
tion device of the transmission over the shared band. At step 
520, a second cyclic shift is mapped to one or more resources 
of one or more channels of the shared band. At step 530, a 
second synchronization signal including the second cyclic 
shift is transmitted over the shared band. According to the 
embodiment, the second synchronization signal indicates the 
one or more resources of the one or more channels of the 
shared band. In one embodiment, the intermediate synchro 
nization signal is transmitted before the second synchroniza 
tion signal. 
0059 FIG. 6 illustrates a flow diagram of a method 
according to another embodiment of the invention. At step 
600, a first cyclic shift is mapped to one or more resources of 
one or more channels of a shared band. At step 610, a first 
synchronization signal including the first cyclic shift is trans 
mitted over the shared band. According to the embodiment, 
the first synchronization signal synchronizes a communica 
tion device with a transmission over the shared band, and 
indicates the one or more resources of the one or more chan 
nels of the shared band. 

0060. The steps of a method or algorithm described in 
connection with the embodiments disclosed herein may be 
embodied directly in hardware, in a computer program 
executed by a processor, or in a combination of the two. A 
computer program may be embodied on a computer readable 
medium, Such as a storage medium. For example, a computer 
program may reside in random access memory (RAM), flash 
memory, read-only memory (ROM), erasable programmable 
read-only memory (EPROM), electrically erasable program 
mable read-only memory (EEPROM), registers, hard disk, a 
removable disk, a compact disk read-only memory (CD 
ROM), or any otherform of storage medium known in the art. 
An exemplary storage medium may be coupled to the proces 
sor Such that the processor can read information from, and 
write information to, the storage medium. In the alternative, 
the storage medium may be integral to the processor. The 
processor and the storage medium may reside in an applica 
tion specific integrated circuit (ASIC). In the alternative, the 
processor and the storage medium may reside as discrete 
components. 
0061 FIG. 7 illustrates an apparatus 700 according to an 
embodiment of the invention. Apparatus 700 can include a 
processor 710 and a memory 720, in accordance with the 
embodiment. Processor 710 can read information from, and 
write information to, memory 720. Processor 710 can be a 
front end processor, a back end processor, a microprocessor, 
a digital signal processor, a processor with an accompanying 
digital signal processor, a special-purpose computer chip, a 
field-programmable gate array (FPGA), a controller, an 
ASIC, or a computer. Memory 720 can be RAM, flash 
memory, ROM, EPROM, EEPROM, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium known in the art. Memory 720 can include computer 
program code. As one of ordinary skill in the art would readily 
appreciate, apparatus 700 can include any number of proces 
sors in alternative embodiments. Likewise, apparatus 700 can 
include any number of memories in alternative embodiments. 
0062) Apparatus 700 can also include a transceiver 730, 
which is configured to transmit and receive a packet, and 
which is connected to processor 710, in accordance with the 
embodiment. In an alternative embodiment, apparatus 700 
can include a transmitter and receiver (not shown) in place of 
transceiver 730, where the transmitter is configured to trans 
mit a packet, where the receiver is configured to receive a 
packet, and where the transmitter and the receiver are separate 
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components. According to an embodiment, apparatus 700 can 
also include antennas 740 and 750, where each antenna is 
configured to assist transceiver 730 (or the transmitter and the 
receiver, in an alternate embodiment) in the transmitting and 
receiving of a packet. While the illustrated embodiment in 
FIG. 7 depicts two antennas, one of ordinary skill in the art 
would readily appreciate that apparatus 700 can include any 
number of antennas in alternative embodiments. In an alter 
native embodiment, apparatus 700 can include a single 
antenna. 

0063. In one embodiment, processor 710 and memory 720 
can cause apparatus 700 to transmit a first synchronization 
signal including a first cyclic shift over a shared band. 
According to the embodiment, the first synchronization sig 
nal synchronizes a communication device with a transmis 
sion over the shared band. Processor 710 and memory 720 can 
also cause apparatus 700 to map a second cyclic shift to one 
or more resources of one or more channels of the shared band. 
Processor 710 and memory 720 can also cause apparatus 700 
to transmit a second synchronization signal including the 
second cyclic shift over the shared band. According to the 
embodiment, the second synchronization signal indicates the 
one or more resources of the one or more channels of the 
shared band. 
0064. In another embodiment, processor 710 and memory 
720 can cause apparatus 700 to transmit a first synchroniza 
tion signal including a first cyclic shift over a shared band. 
According to the embodiment, the first synchronization sig 
nal synchronizes a communication device with a transmis 
sion over the shared band. Processor 710 and memory 720 can 
also cause apparatus 700 to transmit an intermediate synchro 
nization signal over the shared band. According to the 
embodiment, the intermediate synchronization signal 
informs the communication device of the transmission over 
the shared band. Processor 710 and memory 720 can also 
cause apparatus 700 to map a second cyclic shift to one or 
more resources of one or more channels of the shared band. 
Processor 710 and memory 720 can also cause apparatus 700 
to transmit a second synchronization signal including the 
second cyclic shift over the shared band. According to the 
embodiment, the second synchronization signal indicates the 
one or more resources of the one or more channels of the 
shared band. In one embodiment, apparatus 700 can transmit 
the intermediate synchronization signal before the second 
synchronization signal. 
0065. In another embodiment, processor 710 and memory 
720 can cause apparatus 700 to map a first cyclic shift to one 
or more resources of one or more channels of a shared band. 
Processor 710 and memory 720 can also cause apparatus 700 
to transmit a first synchronization signal including the first 
cyclic shift over the shared band. According to the embodi 
ment, the first synchronization signal synchronizes a commu 
nication device with a transmission over the shared band and 
indicates the one or more resources of the one or more chan 
nels of the shared band. 

0066. Thus, according to certain embodiments, a com 
bined synchronization and resource allocation method can be 
provided that does not require an explicit control channel, or 
control signal, for indicating one or more resources for data 
transmission. Furthermore, according to certain embodi 
ments, a transmitting communication device can scale a 
resource utilization based on a need and availability, and also 
perform synchronization at the same time. 
0067. One having ordinary skill in the art will readily 
understand that the invention as discussed above may be 
practiced with steps in a different order, and/or with hardware 
elements in configurations which are different than those 
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which are disclosed. Therefore, although the invention has 
been described based upon these preferred embodiments, it 
would be apparent to those of skill in the art that certain 
modifications, variations, and alternative constructions 
would be apparent, while remaining within the spirit and 
scope of the invention. In order to determine the metes and 
bounds of the invention, therefore, reference should be made 
to the appended claims. 
We claim: 
1. A method, comprising: 
transmitting a first synchronization signal comprising a 

first cyclic shift over a shared band, wherein the first 
synchronization signal synchronizes a communication 
device with a transmission over the shared band; 

mapping a second cyclic shift to one or more resources of 
one or more channels of the shared band; and 

transmitting a second synchronization signal comprising 
the second cyclic shift over the shared band, wherein the 
second synchronization signal indicates the one or more 
resources of the one or more channels of the shared 
band. 

2. The method of claim 1, further comprising: 
transmitting an intermediate synchronization signal over 

the shared band, wherein the intermediate synchroniza 
tion signal informs the communication device of the 
transmission over the shared band. 

3. The method of claim 2, wherein the intermediate syn 
chronization signal is transmitted before the second synchro 
nization signal is transmitted. 

4. The method of claim 1, 
wherein the mapping the second cyclic shift to the one or 

more resources of the one or more channels of the shared 
band comprises mapping the second cyclic shift to a 
cluster of a resource allocation tree, 

wherein the resource allocation tree comprises one or more 
clusters, 

wherein each cluster comprises one or more resource 
blocks, and 

wherein each resource block comprises one or more 
SOUCS. 

5. The method of claim 4, wherein each cluster of the 
resource allocation tree comprises a different number of 
resource blocks. 

6. The method of claim 1, 
wherein the first and second synchronization signals are 

transmitted over a center frequency, and 
wherein the center frequency comprises a plurality of Sub 

carriers. 
7. The method of claim 6, wherein the center frequency 

comprises a shared band control channel. 
8. The method of claim 1, wherein the transmitting and the 

mapping are performed by one of an evolved node B and a 
user equipment. 

9. An apparatus, comprising: 
a processor; and 
a memory comprising computer program code, 
the memory and the computer program code configured to, 

with the processor, cause the apparatus to 
transmit a first synchronization signal comprising a first 

cyclic shift over a shared band, wherein the first syn 
chronization signal synchronizes a communication 
device with a transmission over the shared band; 

map a second cyclic shift to one or more resources of one 
or more channels of the shared band; and 
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transmit a second synchronization signal comprising the 
second cyclic shift over the shared band, wherein the 
second synchronization signal indicates the one or 
more resources of the one or more channels of the 
shared band. 

10. The apparatus of claim 9, the memory and the computer 
program code further configured to, with the processor, cause 
the apparatus to transmit an intermediate synchronization 
signal over the shared band, wherein the intermediate Syn 
chronization signal informs the communication device of the 
transmission over the shared band. 

11. The apparatus of claim 10, the memory and the com 
puter program code further configured to, with the processor, 
cause the apparatus to transmit the intermediate synchroni 
Zation signal before the second synchronization signal. 

12. The apparatus of claim 9. 
the memory and the computer program code further con 

figured to, with the processor, cause the apparatus to 
map the second cyclic shift to a cluster of a resource 
allocation tree, 

wherein the resource allocation tree comprises one or more 
clusters, 

wherein each cluster comprises one or more resource 
blocks, and 

wherein each resource block comprises one or more 
SOUCS. 

13. The apparatus of claim 12, wherein each cluster of the 
resource allocation tree comprises a different number of 
resource blocks. 

14. The apparatus of claim 9. 
the memory and the computer program code further con 

figured to, with the processor, cause the apparatus to 
transmit the first and second synchronization signals 
over a center frequency, 

wherein the center frequency comprises a plurality of Sub 
carriers. 

15. The apparatus of claim 14, wherein the center fre 
quency comprises a shared band control channel. 

16. The apparatus of claim 9, wherein the apparatus com 
prises one of an evolved Node B and a user equipment. 

17. A computer program product comprising a computer 
readable medium bearing computer program code embodied 
therein for use with a computer, the computer code compris 
ing: 

code for transmitting a first synchronization signal com 
prising a first cyclic shift over a shared band, wherein the 
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first synchronization signal synchronizes a communica 
tion device with a transmission over the shared band; 

code for mapping a second cyclic shift to one or more 
resources of one or more channels of the shared band; 
and 

code for transmitting a second synchronization signal com 
prising the second cyclic shift over the shared band, 
wherein the second synchronization signal indicates the 
one or more resources of the one or more channels of the 
shared band. 

18. A method, comprising: 
mapping a first cyclic shift to one or more resources of one 

or more channels of a shared band; and 
transmitting a first synchronization signal comprising the 

first cyclic shift over the shared band, wherein the first 
synchronization signal synchronizes a communication 
device with a transmission over the shared band and 
indicates the one or more resources of the one or more 
channels of the shared band. 

19. An apparatus, comprising: 
a processor; and 
a memory comprising computer program code, 
the memory and the computer program code configured to, 

with the processor, cause the apparatus to 
map a first cyclic shift to one or more resources of one or 
more channels of a shared band; and 

transmit a first synchronization signal comprising the 
first cyclic shift over the shared band, wherein the first 
synchronization signal synchronizes a communica 
tion device with a transmission over the shared band 
and indicates the one or more resources of the one or 
more channels of the shared band. 

20. An apparatus, comprising: 
a processor; and 
a memory comprising computer program code, 
the memory and the computer program code configured to, 

with the processor, cause the apparatus to 
receive a first synchronization signal comprising a first 

cyclic shift over a shared band; 
synchronize the apparatus with a transmission over the 

shared band utilizing the first synchronization signal; 
receive a second synchronization signal comprising a 

second cyclic shift over the shared band; and 
determine one or more resources of one or more chan 

nels of the shared band utilizing the second synchro 
nization signal. 


